In recent years 3D models of buildings are used in maintenance and inspection, preservation, and other building related applications. However, the usage of these models is limited because most models are pure representations with no or little associated semantics. In this paper we present a pipeline of techniques used for interior interpretation, object detection, and adding energy related semantics to windows of a 3D thermal model. A sequence of algorithms is presented for building the fundamental semantics of a 3D model. Among other things, these algorithms enable the system to differentiate between objects in a room and objects that are part of the room, e.g. floor, windows. Subsequently, the thermal information is used to construct a stochastic mathematical modelnamely Markov Random Field-of the temperature distribution of the detected windows. As a result, the MAP(Maximum a posteriori) framework is used to further label the windows as either open, closed or damaged based upon their temperature distribution.
Introduction
Efficiency in energy usage is a fundamental step in adopting green energy and conservation of natural resources: the European commission estimates the largest energy saving potential lies in residential (≈ 27 %) and commercial (≈ 30 %) buildings [7] . Among other factors uncontrolled air leakage, known as air infiltration, plays a significant role in energy consumption during heating seasons but also in geographical locations where air conditioning is a necessity. High rate of air infiltration is caused mostly by opened windows or doors which can easily be resolved by human intervention. However, other parts of a building that are poorly insulated are not easily detectable as open window or door. As a result, infrared thermometers are mainly used to detect faulty insulations in a labor intensive and time taking manner [15, 24] . Alternatively, automating the process of air infiltration detection has a significant impact on efficiency, cost and effectiveness of the leakage detection and proofing process. Consequently, there is an ongoing research in automated 3D model creation for energy efficiency [16, 20] .
Motivated by the economic and environmental impact we contribute to the efforts of fully automating the energy leakage detection process. Building on results obtained in [7] , where a method for acquiring a 3D thermal model of a building is presented, we present a sequential pipeline of algorithms for 3D scene understanding and temperature distribution modelling as given in Fig. 1 . Particularly, the temperature distribution is used to model the state of a window as either opened, closed, or damaged, i.e., not properly insulated. After reviewing related work we describe our mobile robot and the thermal camera vs. 3D laser scanner calibration to make the paper self-contained. Then we define and formalize the problem mathematically in Section 4. Our solution pipeline uses probabilistic model and pre-processing of a 3D point cloud and is presented in Section 5 and 6. Finally, experimental results are presented in Section 7. Section 8 concludes the paper.
Throughout the paper we use a data set acquired at Jacobs University Bremen, Germany. The buildings feature a uniform type of windows as given in Fig. 2 . Thermography however is preferred to be performed in interiors. To detect energy related flaws a difference of 15 Kelvin is necessary between indoor and outdoor temperature to come to significant conclusions. It is desired that the weather conditions remain stable over a longer period of time, making the morning hours in the winter months ideal. Keeping stable conditions is easier to achieve for indoor thermography. The analysis of back-ventilated walls and roofs is only possible from indoors. Thermal bridges at exterior walls and 
